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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser element of high output and satisfactory 
reliability by preventing diffusion of impurity to an 
undoped optical guide layer, in the semiconductor laser 
element containing a quantum well as an active layer. 

SOLUTION: In a semiconductor laser element containing 
a quantum well as an active layer 5. an undoped thin 
spacer layer 7 is provided between an undoped optical 
guide layer 6 and a p-type clad layer 8. It Is desirable 
that the thickness of the spacer layer 7 be 5 nm or 
larger and less than 10 nm. Since the spacer layer 7 
absorbs impurities diffused from the p-type clad layer 
8. impurity diffusion to the optical guide layer 6 is 
prevented. 
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(54) iMW:W-1f*^Rtlt*fl!)ttfi;!rtt 



(57) 

*T-{ctel^r. y>K-:^?K*V K®6ipSi'7-^ K 
» 7 (Dmmimt L < a 5 n mJ£i± 1 0 n m* 




rStt^i©ra«:ies3nA:*^-< \=st^m}Ltcm$w 

[S»*W2 ] lirS;^'^— YMt 
=y'j K/ii©HltcffJsJ§n. -eo^lidis nmW±l 0 
n m*jg|-C*i C i ^ittai-r •511*5 1 K:a«CDi|i^| 

8x 1 0"-5x 1 0"cm-'(DffiHr*^.Ci 
5x 1 0*'cm-'fe(±5x 1 0"cm-'WT-C*5Ci 

^ f < -C « i C i ^1$® i -r « «*]5 2 TiS 

[gf*56} MOCVDffitcr. nMSe±«:. it;>c 
nSlK-:/v<5»7r®, ngSK-:/d?5v KB. IglCD 

20T> K-7-3fe*-Y KJl. pmi=~:rt>yv b'B. p 
BUiHII2©7>K-7'5!6//^ K)gi pSf F 

±1 0nm*?i©®;frj^js$hr!&:.2>ci4!|^aSi-r 

(i»*^8] B?feS^?rMOCVD^«:<i:o-CJfJ/j£ 
L/. MOC V DfiSfi^fri Lt. ^fijaa*J 6 5 0 'Cti 

±8 0 0 -COT-c* •) . v»iM«4©#ll&«>itni«iP|sj 

©«l&a i OJ:b*5 5 0 Ii(± 2 0 0 OTf * S C i ^Srl^i^ 

[^?f©i¥iMjariftM] 
[0 00 n 

[0002] 



(2) «Fra2 000-2 86 50 7 

2 

(fi£3fc©^Jfi] a^. CD-R/RW-?>DVD-R/R 
wtcf^Stii^f"^ xi''s©t»ffi8jiK:fci,»-cSji;^ 
f- K?rlSj±$-(i.5:a. 1 0 0 mWiK©^aK*u-if© 

(0003] *«(*U— !f©i8fa;>3ib<!:-?-©mattiS» 

«:3*-rssia«. JSffi*<k©«isiia6af«cfimsiE^b©ii3s 

10 [0004] m^rmmimi-^^tLfcmi^iy- 
■mf^mmimmimi icmt, nMsg? o i ± 

K, Si K-':/nS!>'^*-y7Tg7 0 2. Si 
i'5i'KB7 0 3. T^K-T-jt/Z-^ KJg7 0 4, r> 
K - :^fi^=•#Fr£tt)l 7 0 5, T > K - KH 7 

06. Zn K-7"pS!i'7 5' KS7 0 7. ZnK-7"p 

ttJCZn K-T'pM+f f :?"17 08iZn K-7"pM 
i'7 FJ17 0 7*sj]px$n. y y^X F^-^7'©iJ® 
*Si h'~-:^-/Vi'ji^fS7 OQViSlt)j^ttli>, $6 

20 cc. zn h--ypm='y^i' i-mi I omm^tix^ 

©3fe»fli4jj^fCC>5. 

[ 0 0 0 5 ] C cr. S^#pJS14Ji7 0 5©±TMfl|iJ 
icmiS.^rii^iJ>( h-B7 0 4 i 7 0 6{S, S^-#Fr5 
tt®7 0 5'v©S5f)&:3tHDji«)*S|iiL. MopMi' 
v'j h'mi OlRZfnmif'yv KB7 0 3*i6Si4tF 

^)i7 0 5^(o:^msm&ifM-ritcii>icm^sti 

[0006] -jS«:-''«;Ui/r£tt®©*»^fc u-if^^-© 
■e©iem^^^*sfiT1--54i,>^WS*J*ofc. Ittc 

p s© K - f> mm Lxm^^^hti i>zn um^om 
•rsa. rSttHipMi'^ -;' K)i©raK:r>K-7'x« 

[0 00 7] cnfcj^tr. m=f)^pm^mtt6^ 

[0008] 

[»W*J|R9ltJ:^<!:-r*Sai L*it&*i6. 
fiT-#FB'^©^!feffit5j*:RSjl:-r5aSa©7t*''f KH 
so SCi?r«B!U/c. IfJCSx i 0" c m-'J!Jl±©?«iBj 



[00091 *^w©sfl«j«. s^-^FirSttai-rs 

[00 10} 

\.mm^mk-^hic^<yi^m'\ «±©rais«:^9i-r.sfc 
(it*3«i ) ©*«^*^-ifsg^^■ctt. iJt 

r. KS4d'5 V K»S©ia{c»l>T> K-:/©;:^ 

[00 1 1 ] S;^c. (it*^2) ©iJi^ftU— !f 

:^^-D-m^ 5 n mJ£l± 1 0 n mmKOSamvm^ i 

m^oficmmmiimit *fc i o n mw±{c/i < * 

u-ifS^-©SS!^tt*5®TLrL*^„ se-oT. X--; 
— !^l«r 5 n mJW± 1 0 n m*?SI©Ji/ir J^sE-T C i 

*i^6*i2.fe©r*2>, 

[ 0 0 1 2 ] sfc. m^ms ) ©ii^jiw^u— tf 

';T?gg?r8x 1 0"~5x 1 0" c m-'©eH4f S 
Ctin^ttihOVi}*}. Pi'^y Kli©++'JT 
i8e*s±S©eH J: •) < (O^m^lfiil^ 

^^^oaai^oi6T-?'«if^fiE*w < «c s <b c > 5 ras 
[ 0 01 3 ) *ifeiii (11*54 ) <omm\^-9 
x-t— 9-®Bps©«mtt4Wt/. 7.'<—^mt±ij^ 

Klli©|?fflT©++'JTigaj!ii5x 1 0"cm-*«± 
5xi0"cm-'«TiT4Ci4#»ir4fe©-C* 



(3) 1$ra2 000-2 86 50 7 

A 

®f©+f 'JTzgeA^Sx 1 0'*cm-'*i®-CB^^-© 

ias#tt©fiT^«if¥SE*i» < i t, > -5 isgs*J4 
- ' «±k: 5 i m^mskvicmni&ifi^ii. l-ci, * ^ 

[0 0 1 4] i/c. (i«*55) ©iii^ftU— If 

«i=--C{3:. pSi-^ f Kll©lfflK:}Bfi&r-5 

10 ;^'<-f-li©ififiS«pSi'7->. K®ii?Lc»*^X«pS 

©ftji?^c3feB3Dji«)%m>. fg^^FttatCftC^feftH^ 
( 0 0 1 5 } $/c. (iS3j<^6 . 7 ) ©i|ijif*U 

K-:/3fcX/V KB, p^ K-T'i'? KB. pMK-T" 
20 ---^^B^Ji^^Lr^^cs^^f^u— !f^^©K^:^a 
«:*sl,>r, r>K-7'*^-< K)i<!:pSK-7i;^-^ K 
B©raK:r>K-7'©;^'>:— !^B45nmtt±l Onm 

*si©B/i-c}gfiS-r 2. c i t -r u- — !f 3R 

^=-©i{J§*ffi?:fil«-rS*)©-C*»), 9-B?:7> 
K-:7"<i:-rSC4rpM®3imttHl^<!:*V KB'^©;F 

©B Ji©sijsitt 4> njte i -r -s ©-c* s . 

[0 0 1 6 ] $/c. (if3?318 ) ©iJijSttl^— !f 

mi-<D$im^&Vl,t. MOCVD (metal organic chem 
30 ical vapor deposition: WS^H^tSfiSS) mm 
l\ •5-©fiJSIfe#<!:Lr. fi£SiaS*i6 5 0*Cti±8 0 
0 -CWT-c* I) . v»im©«ai&«»nrt55Jl*4©«l&« 
J:b*s 5 0 Ji(±2 0 0 WT-C*^. C i ^l^i -rS fc©r 
*Sft:«:J;-,-Ci'7 KBA^^iK^yW KB'^©^ 
«!^©fi£USteJ;o--e©ffitS[ffii85r$ija)U. fioRK© 

■r s*3S(* u— tf^^-^ff .S) c i *5pjte£ aj: 5. 
[0 0 1 7 ] WT, ^m^mm'ksmti,. 

[0018] -J»«:*MW*U— !f3R^-©ffittB{c:«ifi!Bj 
40 *5Jtl5fr i i jSttB4'(C3fc+ + >; T©Sili^4i'i:»i )i ■& 

Lr fflt,» e>ns z n i,mtpow:Wimmtm < , rSttBA^ 

pMiiJc -7 r t- K -f > 3 XC^j: o r L * ^ . 
[0019] fi^F*r§ttB<!:^-5*3W*U— !f«^ 
S^#F©MIIJ{C}BES-r'5.T> K-7'©7t*V K 
B*ia^^#FB->.©^«!^Jt;tJt?rEi5±^^)SS«i>itiali 
tfeS*©feS. jfe^-f KB'>-^5 X i 0" c 
50 m-'&i±o:mmifii'V'^ Ymifhii^ KH'^ffitif * 



<C< 7> K'-^'tK:^'^ ¥m^i> Zn ffimSi^i>t^^ 

3t//>f KJi-v<D:Ftt!a!£tfc*i»iI:"rsCi(cj:o 
[0020] */c. FM-^CD^Ptt 

[0 02 1 1 

\mi<!>%momk\ <mm i >s i \mmm i 

i'X;^^^ FM<i:W3:n-2)«^r, MOCVOffi-CnaiG 
aAsS«l ( + i'UT}SS2x 1 0^'cm-*) ±CCn 
MGaA s>'^'!y:7Tli2 ( 1. 5 x i O'* c m-\ iS^ 
50 0nmS:S). nSA 1 , . , Ga o . , A s ^ K 
®3 (^I'yriiasxi 0*'cm-\ if^lOOOn 
\SiWL%) . T>K->^A U.3,Gaa..,As*;?/-f KB 
4 (;f<55f3 Onm) . T> K-:/A I Ga A sZlfigT 30 
#P@5 ('5x;l/@8nm. »; rB5 n m) . r> K 
-:7"A 1 «.35Gao.»,As7fe/7V K»6 (»;^30n 
m) . T>K-->''A lo.sGao.,AsX-:-t^fi7 (if 
^6nm), pSSA la.,Gaa.,As±||l ^ KJi 
8 ( + i'»;TjSS2xiO"cm-\ /iSSOOnma 
, x-^^>^x h -^7'®9, pSA 1 o.sGao.sA 
^IMZ^'yv FBI 0 (^-f 'Jrigasx 1 0^"cm 
'\ 1 20 0nni|9:£) . pMGaAsUl 1 (3 
XI 0*'cm-\ Ii$80 0nmi95t) iBmt^. 
[0 02 2] -e-CDt^. pSGaAsUl 1 ipSA I 40 
o.,Gaa.,As±||2^^-y F®1 0*2-^2. bum 

Dffi(Cj:oT. pSGaA sm 1 <hpMA lo.sGa 
o.,As±m2^'7y Fll 0:i&^e)^c5y ^CDffJffi^ 
nSA l».,Ga„.,AsSiS^n 2 (t-^UT 

iSe2x 1 0"cm-\ USTOOnm) Siy^nSGa 

Asm^':ruyi?m\ 3 (+i'»;rigS3x i o^"cm 

-\ ifSSOOnm) -Cffi«)ii^/c^^. MOCVDj£-C 
pSGaAs3>^i7 FBI 4 ( 5 x i 0^' c m"*. » 
SlOOOnmSS) ^JB^S-rSo 50 
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6 

[00 23 ] S^iC. ±S(CtipSgl5. TStC^n 
SSl6*}gfiSg. ^liSg^&^eOOamtCJ&ii^CC 

#^«i;(C3-x^>if (R= 1 0%^9 5%) $6 
A) . TMA ( F •;^^;br;i/5 r.'^A) . vi^jii^i 

LTAsH, (T;l/i^» , nM. pSOSF->'OF 

m^tbXSiW, . DEZ (vx^jl/i/> 

^) fiSgSmi7 5 0-C, fiSgE:^?«7 6To 

r r. v/iii= 1 2 Orifo/Co 

[00241 itSJ(Dfc«>. mt p 

FliCDra^X^--1Mi;!)5Aj:c^£e^«i§C0^^F4>|H]B#cclS 

» 1 mkmomm^v-^m- ( a ) »^ar<Dgiiii« 

il£*^3 0mA. 8 SmWrtDKif'fmSS;!^^ 3 OmA-C* 
0. 6 0-C, 8 5mWCDGWC0filBtti*^CC:fot^r^>2 

oooB#p^fe(±^?g-^r$Scc^tfurc^^o s/c 7 

>F-r^<DX--:—!fB7Cr)fflSE«:p^'^-;^ FB8. 10 
ts:< . m^oy^^ (0x = 9" . 0II=22' ) Dmh 
[0 02 5 ] cn^<:*tbr. x-c^-i^BcDte^fie^^T 

(b) V\tmSLV<Dmm%m^A:^mAt. 1 OmAtl 
!f«i=- (a) J:OitJJDU. 6 
O'C. 8 5 mWCD^fflttlSilCCfel^rttK^Pi'CS^-^ 

[00 26] S2«. ^miSt?i!04^z»ftU-1f^^- 
(a) iX-i— !fBOte^«ae^^ (b) CCfct:f^,ffitt 
liia^CDF'-f>i^^^!K5 (Zn) /^.TCD^?f?^^L/;^c 
hO-Ch^. tSi^. F-fc*>^7'D7r-f;U«S IMS 
(secondary ion mass spectroscopy: 

( a ) , ( b ) ci-rn(D^^ tc^tei^r p ^ ^ Ymt-^ 

(b ) r«a^#FB^©ffi»»*l^fcO©*:tf >f FB 

mimtt^mo^mi^iy-fmi- (a) 

1^B7rZnffitft3&5«lW$*i. *::tf>f FB6^(Di£IS[7&5 
3X1 0'' cm"&.r(fm^^tiXi.^^Ctf)^t>f)^h. 
[0 02 7 ] a3«. p^^:^ FBi7fe:^W FBi©^ 
ffi'C<D+ f y TiggCCSt-r S^i^CDglfflSisSii 8 5 m W 

mvoni^mKo^itiy'uy hb/ctcD-c*^, 03 

ctO. p^^-y F)i<b7lc:^V F/iiO^ErcD+'f UT 
Wi&i)^bx 1 0^' c m''W±r.'^ffitCKfiimi^:i&^ii;^ 

*iffc5x 1 0"cm-n:^T-C«|f'f®E^,^CcJtA 
urease -So 

[00281 ttlt>%. ±il<DI&m^h^tf^ FB^^ 
tt!^ (Zn) )&5ffi»T*Ci«:J:0. ^SlttU— ?f«^- 



njE»«<tOii>)5:ii:&)&5g<. 5 x i o^* cm-^J^LtS 
XI 0*'cm-^ttT©l5[l)&im^o btcifi-oX. 

[0 0 2 9 ] iC^r. X-:— 9-117 K 

^gpwr«$>^7t)^ ^vimi)^i^mL. m'^maom^i: 

[0 03 0 ] S4iC. p^'^-:; KaCD+i- UTfiS*^ 
(a) 5xio*'cm-\ (b) 2xio*'cm-\ 
(c) 5X1 0^»cm-'<D^iS^«:tetfSr>K-::^;;^ 
^-VM^(D:^m9 ( Z n ) t >f 

tc 4*>\ X-^-lfii^Z Onm^^L/TC^^o ±12© 
Kf^^m*^63lc*V K®--(Dl£»Lr<SZn?5aib 
rtiSxi 0*'cm-^OTCC'r€>f^^*^*€>fcJ&. H4 
JrD. ^^VTiS^OMi.^ (c) 5X1 0^'cm-'(Z)ii 
^ X - if i « 8 n mUSrm i C i 

*5t>*>*, !^Ha)li/S*i5nm*Slr«p 
K^CD+i-yTiigKT&^Bx 1 0 * ' c m-'ti±CC^j: 

[ooaiifie-or. v^vv^ms. loo+i-ur 

iSS^S X 1 X 1 cm-'CDlSS<hL. 

-1f®7CDJijl«:5nmJ[ii±l 0 nm^SSiT-BCi 

i'';r?gS?:8x 1 0*'cm-^«±3x i O^'cm-'J!^ 
TOmmtL. X-<-1fli7(Dli/?^5nmW±8nm 
OTa)fiHi-r*<D:«>ia<. ^^(^CSMmtbXlit. p 
^^•7K!i8, 1 OcD^^-f UTlgST^n . 5xi0''c 
m-\ X^-1^®7CD@Jl?5i6 nmr*>ofc. Scfe. * 

nm^-:$^-"(Dliil$IJfflIt43&ipIiefj:MBE (molecu 
lar beam epi taxy: ^^i^x Jl^fiSfi) iS-f'M 
OM B E (metal organic MBE:i&t»^)l^}^jgx b' + 
GSMBECqas source fcBE: i57sV-7. 

^>^®x f ^ + ^I'fiSg)^ J: ^> u%}m&mxi^ 

[003 2] <ie»fi»l2>H5«iaS«2<DA 1 Ga I 
nPS¥»l*U— tfCDKffiBlr*^, MOCVDffi-Cn 



(5) 4$Ba2 00 0-2 8 6 50 7 

S 

SGaAsSfiSOl (+-«'';Tigg2x 1 0**c 
m *) ±(CnSGaAs>'<^r:7Te502 (I. Qxi 
0*•cm-^ if$5 0 0nmg:S) . nSI no., (A 

lo..Gaa.,) o.iPT^^ --^ KJi5 0 3 (^i-'jriS 
S8xi0"cm-\ 1 OOOnmgS) . 7> K 
-^^I no., (A U.sGao.s) o.,P*>t/-f KJi5 0 4 

(/1^35nm). T> K-:/ I n A 1 G a P^^M^ 
#F^5 0 5 ( 1 np.,Gao.,P'i>x;H17 nmi I n 
0., (A 1 p.^Gaa, J p.,P^fe^^'yTH8 nina)4^»i 
10 r^fiS) . r> K--7*I no., (A 1 o.sGao.s) o.,P 
3lc;^?VKJi5 0 6 {/i;?f3 5nm) . r>K-7*I n 
o.s (A 1 o.TGao.j) o.,P:^'^--'9-li5 0 7 {W-^h^ 
nm) , p^I no., (A lo.iGao.J o.,P±lll ^ 
•7^:^ Kli5 0 8 (+i'';r?Sa5x 1 0''cm-\ if? 
300nin^). x ^>yx h :7B5 0 9 . pS 
I no., (A lp.,Gao.i) p.,P±ll2e^^ 7 Kli5 1 

0 (+1- '>;Ti!gg2x 1 0''cm-\ ;f$ 1 OOOnm 
19:^) . pSGaA sS5 1 1 ( 4 x i o*' cm-\ il 
S5 0 0nmS5£) 

20 [0 0 3 3]^CDf^, pSGa A s^5 1 1 ip^ I n 
«».s (A lo.rGao.i) a.,P±m2 K®5 10^ 
4--5amiH6D;^h^>f:/tt©'; tyi^tcJlDX-r-S^ th 
tCM0GVDfi6JC<i:or. pMGaA sJi5 1 1 ip^ 

1 no., (A lo.,Gao..) o.,P±ll2^^ 7 Kli5 1 
Of)^f^rj:^V y iyCOmm^nmG a A s^S:/ci 
512 ( + 1'UT«S2X1 O^^cm ^ i¥S 1 2 0 0 
nm) ■ca^?)Ji^/c^^. MOO V DSrpMGa A s n 
^^'^ hJi5 1 3 (4x 1 0*'cm-\ /IS 1 OOOn 

30 [0 0 34] -eOf^±EK:«pmffi5 14. TSCCtJn 

(^c/^-t)t(>cf^^Lx. ^'<-(Dmmo)ytti\mmm(^&mm 

^^Mmca-T^^if (R= 1 0%-9 5%) 5 

Tot T. V/III= 2 0 0 xm\ umimt bXT 
MG ( h U^^^l/j^U'^/A) . TMA (h')^^)ir)l 
^x-^A) . TMI n (h »;^^;l/>f>S>'^A) vgOl 
t^iUTPH, (*;=C7-f>) *fc«TBP (^'-S^i' 
40 'j-r/^Jl/j^X^^ >) , n^. pSOSK->'OhiS 
f4iUTS i H. , DEZ (iyx9)liy> 

[0035] Kf^LfcSi^©j|$tt«. mm<o^^xmi 

Uri^SC<h7&^6 K-f>^7n^ (Zn. S i ) (DffilS 

m^(omsLi>nm^tix\.^i>ct^miLfc. affu 

/c^TOl$tt«, ^arCD|g<iimi^;!iU5raA. 6 0 
•C. 3 0 mW<DfiSttS5K^*J(,^T 1 2 0 0 Ommi. 

50 [0036] <^W3>H6«||igW3(DI nGaA 



9 

H*5^t/fcfeor&S, MOCVDffirnSGaAsS 
S60 1 C + i-'JriSgZxi 0"cm-') itCnSG 
aAs^^'!77Tji6 0 2 { 1. 0X1 0"cin-\ /f3 
SOOnmtftS), nSA lo ^Gao.sA sT^7-y K 
116 0 3 ( + VriggSx 1 0''cm-\ jl3 1 0 0 
OnmSS). rVK-T'I nOaAsPiTfc//-^ KHe 
04 (/f;5f3 5nm) . T > K - 6 0 5 

( I np.iaGap.aiA s -J^xiUB? n mi I nGa A s 
P>'^'';rli2 0nm(D2^W•C«fiX) . T>K-7Mn 
GaAs P?lc;^V KHeoe (/i<i^3 5nm) . 7> K 
-7*A lo.4Ga,..AsX-c--ifji6 0 7 (J1^8n 
m) . pSA U.4Gao.,As±mi ^5:/ KHeO 8 

(+i'';TigSl X 1 0**cm-\ jfS300nmift 
m) . x-^5F'>^xh5r:/®6 0 9. pS!A lo.-Ga 
o.,A s±^2 KB6 1 0 (=^-1- ';Ti*g2 X 1 
0^»cm-\ 1 OOOnmS:^?) . pSGaAs:^ 
>^?^hli611 (4X1 0''cm-\ jl$50 0nm 

[003 7]^<Df*. pMGaA s:3>^^ me 1 1 
ip^A lo..Ga».,As±||2i?^^; F®6 1 042 
^ 3 /i mifiCDX h ^ :r#;<D U y S^CCttlX-r So *<3[) 
f^. y i^±MS^'WffiCC S i 0,]K6 1 2 iBf&L. 

^JV^'yy ^-m(,Cj:->XVyi^±m^(D^S i O 
,K612*^*L. pMGaAsn>^^ hM6 1 1 
imOii^^o "tcom. ±ffiK:«p«g6 1 3. TECC 

«M«r#*t*&^tC3-7^<<>^ (R = 8%-9 5%) 

[0 03 8] mf-nmitc^ii^jsL^mt. fSL^mtf)^ 

nSSA l,.,Ga».»A s h^Mb 0 3tV<Dmmv 

IbOV. 7(c;^/>r K/i5 0 4. 5 064^t^Sa^#F 

B5 0 5cD^«r6 8 O'C. ry\'-y'(D:^^-vm5 
oiti^hpi^y y \^mso 8. blOtaiy^^hmS 

1 3<D®i|?'r6 b0*Ctb. v/lllifcW, KB 5 

0 4. 5 0 6?:^t^mfi^#Fli5 0 5(7)^i^r2 0 
0. -enfe<i1--C 1 2 0 <b ^Sll;^6i7 6 T o r r 
■Ctfo/c. Ctl^O^m*. nS^^^y K®5 0 3<b5fe 
KB 5 0 4 . 5 0 6 4^t?MS^^#Fli 5 0 SCD^ 

-e-n^ncojffl^<7)®cc*$w*gji^tjaa. v/i 

p^^'^y K®5 0 8:foJ:0'^^nj:»3fc±CDflr{i. fig 
«:Ttf S C <!: CC J: o r KB 5 0 6 -^CD Z n tl£K«: 

[0039]3tcfe. Mmff::^\t. iimfmtbXTM 
G . TMA ( h VM9)lT)l^ 

^OA) . TM I n { h , viKJl 

f^iUTAsH, {r)W») . PHi , 
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» . DEZ (iyx^jliyiyi;) ^ffliifc. 
[0040] Kf^Ufc*^(Dl$tt«@ifflSS£3 0 mA. 
8 0-C. 1 5 0mW(DmSf4KKiC*jCirfc. 5 00 0 

[0 04 1 ] «cte. ±iasiiig0!lic*scir«. ^a^g 

MBE. ALE (atomic layer epitaxyi/^^B-^^ + 
i^-). VPE (vapor phaseepitaxy: SVfflxh'^ + i/ 

[0042] 

mi] mmm i (D^m»iy-'^m'f-(ommmmmx$> 

So 

30 [02] Jli®Wl(04^«f*U--1f^^ (a) t:^-<-'^ 

[H4] p^7'> KB<D^++UTigatCfcC:rS7>F 
-y':^-<-^m^0^im (Zn) cDfi£fS£7-D7y-r;U 
r*So 

[05] mmm2<D^m»\y-^m'f-(Dmmwimmx$> 

40 So 

[ia 6 ] Ute^ 3 0*«f* u-lf^i^<D«iSKffir* 
s. 

[07] (j!E*cD*2ifl:u— tf«^0«iS»fffiar*S« 

[??-^0|SBJ] 

1 nMGaAsSfi 

2 nSGaA s^<-^:7rB 

3 nSlA lp.sGaa.,AsT^^->^ FB 

4 7>F-:^A lo.isGao..iAs7fe:^-Y FB 

5 7>F-:/A 1 GaAs-aa^-#FB 

50 6 7>F-:/A lo.isGao.»,As3fe:tf^ FB 
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7 7> F-:/A 1 p.jGeo.jA sX^-i;-S 

8 pgSA U.,Gaa.sAs±^l i^^^ F@ 

9 xy^yifxh y-fm 

10 pSA lo.,Gao.,As±m2d?^-v KJl 
1 1 n^Ga AsJi 

12 nSA lo.7Gao.3AslliS:^D5»^li 

13 nMGaAsSiS:/ci->' 

14 pSGa As h/i 
1 4 pi 
1 5 n1 



10 



0 U 1 


nSGaA s 


mm 






502 


nSGa A s^^*^f 7t@ 
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a r\ c 

5 0 6 


T>F-*-7'I 


Hp. 5 (A 1 0 


. , G a p . s ) P.J 


Fli 










50 7 


T>F-:7M 


Hp. 5 (Alp 


./Gap.j) o.jP"^ 
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513 pSGaAs^V:^'^' 

5 1 4 pSS 

5 1 5 n^S 

60 1 nMGaAsSfi 

602 nMGa A s>'^••:r7Tl8 

60 3 nSA lo.4Gap..A sT^^:^ FB 

60 4 rVF-T^I nGaA s P3t*V FB 

60 5 T>F-7'SST#F8 

6 06 T^F--:?*! nGa A s P5t:*V FB 

60 7 r>F-:/A 1 p. ,G ao s A s x^-lfB 

60 8 pMA lp.4Gap..As±||l FB 

60 9 x-^5^>^^XF5f7-B 

6 1 0 pSlA U..Gap.,A s±m2d?7y FB 

6 1 1 pSGaAs:3>^^ FB 

612 SiO,|g 

6 1 3 p^ 
6 1 4 n^ffi 
70 1 nSSS 

70 2 Si I'-Zfnm^^vyrm 

7 03 Si F-:7'nS^^':; FB 
7 04 T>F-:7'^:^f>f FB 
70 5 T>F-:^S^#Fffi14B 

706 r>F->''7t:^V FB 

707 Zn F-7'pS^^':; FB 
70 8 Zn F-:/pS+-f -y:7*B 
7 09 Si F-7*n^:/a':; ^B 

7 10 Zn F-:7'pSn>^i7 h@ 

7 1 1 mim^(D^f^1& 

im4) 
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